Estrogen receptors (ERs) α and β are distributed in most tissues of women and men. ERs are bound by estradiol (E2), a natural hormone, and mediate the pleiotropic and tissue-specific effects of E2, such as proliferation of breast epithelial cells or protection and differentiation of neuronal cells. Numerous environmental molecules, called endocrine disrupting compounds, also interact with ERs. Phytoestrogens belong to this large family and are considered potent therapeutic molecules that act through their selective estrogen receptor modulator (SERM) activity. Using breast cancer cell lines as a model of estrogen-dependent proliferation and a stably ER-expressing PC12 cell line as a model of neuronal differentiating cells, we studied the SERM activity of major dietary compounds, such as apigenin, liquiritigenin, daidzein, genistein, coumestrol, resveratrol and zearalenone. The ability of these compounds to induce ER-transactivation and breast cancer cell proliferation and enhance Nerve Growth Factor (NGF) -induced neuritogenesis was assessed. Surprisingly, although all compounds were able to activate the ER through an estrogen responsive element reporter gene, they showed differential activity toward proliferation or differentiation. Apigenin and resveratrol showed a partial or no proliferative effect on breast cancer cells but fully contributed to the neuritogenesis effect of NGF. However, daidzein and zearalenone showed full effects on cellular proliferation but did not induce cellular differentiation. In summary, our results suggest that the therapeutic potential of phytoestrogens can diverge depending on the molecule and the phenotype considered. Hence, apigenin and resveratrol might be used in the development of therapeutics for breast cancer and brain diseases.
Introduction
Estrogen receptors (ERs) belong to the nuclear receptor superfamily and are coded by two different genes (ERα and ERβ) located on two different chromosomes. ERs are distributed in main tissues of organisms, in women and men, but the ratio between ERα and ERβ may differ in different tissues. ERα is considered the more potent regulator of gene expression, while ERβ, when it is co-expressed with ERα, appears to have a restraining effect on ERα activities Ström et al., 2004) . Thus, depending on the tissue, ERs could have different effects, such as proliferation or differentiation. These pleiotropic effects can be obtained with the same molecule, thus defining the term selective estrogen receptor modulator (SERM). Indeed, in addition to estradiol (E2), ERs can bind several environmental compounds, including the so-called xenoestrogens that belong to the family of endocrine disruptors. These molecules can act on ERs selectively, either as agonists or as antagonists, which allows them to stimulate or inhibit estrogenic responses selectively depending on the target tissue. Therefore, xenoestrogen exposure could affect different organs differently based on the distribution and the isoform of the ERs present and the transcriptional co-regulators that interact with ERs (Diamanti- Kandarakis et al., 2009; Kerdivel et al., 2013) . Currently, SERM compounds are often studied to develop new therapies against various pathologies, such as the hormone-dependent cancers, while maintaining the protective effect of estrogens on the brain or on bones for example. In this work, we studied the SERM activity of major dietary compounds that belong to different chemical classes and that have previously been noted to bind ERs. These natural chemicals could represent molecule candidates that are safer than synthetic molecules for the treatment of estrogen-related pathologies. Among them we studied the two isoflavones, daidzein and Toxicology and Applied Pharmacology 325 (2017) 
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Toxicology and Applied Pharmacology j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / t a a p genistein, found in soy (Gong et al., 2014; Li et al., 2013; Nikov et al., 2000) ; the flavones apigenin found in parsley or chamomile (Li et al., 2013) ; and liquiritigenin found in licorice root (Gong et al., 2014 ). Another chemical class of phytoestrogens is represented by coumestrol, a coumestan also found in soy and alfalfa (Li et al., 2013; Nikov et al., 2000) . Resveratrol is a stilbene found in grapes and red wine that interacts with ERs, in addition to its antioxidant activity (Chen and Chien, 2014) . Finally, zearalenone a mycotoxin found in poorly stored cereals and present in 15% of cereals consumed in Europe (EFSA Panel on Contaminants in the Food Chain, 2011) is described as a potent estrogenic compound (Li et al., 2012; Nikov et al., 2000) . The plasma concentration of phytoestrogens differs greatly in the human population. For instance, the mean genistein plasma concentration is found to be between 0.5 nM in Finnish males and 276 nM in Japanese males. However, after intake of dietary phytoestrogen, a plasma peak is observed that could reach a concentration of 0.2 to 6.5 μM with a bioavailability between 5% to 66% (Whitten and Patisaul, 2001) . In this study, we first aimed to confirm the ability of various dietary compounds to induce ERα transactivation at concentrations that can be found in organisms. Second, we aimed to evaluate their potent proliferative and differentiating effects. The following three cellular models were used: MCF7 and T47D cells, two ER-positive and E2-dependent proliferative breast cancer cell lines, and PC12 cells stably transfected with ERα that are able to develop a pseudoneuronal phenotype (neurite outgrowth) when treated with nerve growth factor (NGF). We previously established that the expression of ERα potentiates the effect of NGF on neurite outgrowth in the presence of E2 in PC12 cells through non genomic pathway Mérot et al., 2009) . Indeed in cells ERα acts through two pathways named genomic pathway that involves DNAbinding and non-genomic pathway that involves modulation of intracellular pathway (MAPK and PI3K/AKT) by plasma membrane anchored ER (Levin and Pietras, 2008) . This study is the first study, to the best of our knowledge that directly compared the activity of several dietary compounds using two distinct ER-regulated phenotypes. In summary, among the molecules that we tested, four showed differential effects depending on the proliferation or the differentiation phenotypes. Apigenin and resveratrol appeared to be the most promising compounds, which showed a partial agonistic activity, inducing slight cellular proliferation, but behaved as full agonists in neuritogenesis. In contrast, the results obtained with zearalenone confirmed its deleterious effect, with a full agonist effect regarding cellular proliferation, and it was not able to induce the differentiation of PC12-ER cells. Finally, daidzein, similar to zearalenone, presented a full agonist effect regarding cellular proliferation and an absence of effect on differentiation. This characterization is a first step in determining the therapeutic potential of dietary compounds on breast cancer and on brain diseases.
Materials and methods

Cell culture and reagents
MCF-7 cells were grown in DMEM (4.5 g/L glucose) supplemented with non-essential amino acids (NEAA) (Invitrogen, Waltham, MA, USA) and 10% fetal bovine serum (FBS) (Biowest, France). T47D cells were maintained in RPMI 1640 supplemented with NEAA, sodium pyruvate (Invitrogen, Waltham, MA, USA) and 10% FBS (Biowest, France). PC12 cells stably transfected with ERα (PC12-ER) or with the empty vector (PC12-Cont) were cultured as described previously (Habauzit et al., 2014) . Cells were grown with penicillin/streptomycin at 37°C in 5% CO 2 . For treatments, all cell lines were cultured at least 24 h in red phenol-free DMEM supplemented with 2.5% charcoal stripped FBS for MCF-7 and PC12 cells and 5% for T47D. All drugs used in this work were purchased from Sigma-Aldrich (France) and are presented in Table 1 .
Luciferase assay
Cells (30,000 cells/well for MCF-7 and 40,000 cells/wells for T47D and PC12-ER) were plated in 24-well plates. After serum and steroid deprivation, cells were transfected overnight by 100 ng of estrogen responsive element-thymidine kinase (ERE)-TK-luciferase vector, which encodes luciferase under the control of one ERE, and by 20 ng for MCF-7, 100 ng for T47D and 150 ng for PC12 of CMV-β galactosidase vector, which serves as a transfection efficiency control, using JetPEI (Polyplus transfection, France). Next, cells were treated with different doses of E2 or different compounds. Cells were lysed in Passive Lysis Buffer (Promega, Madison, WI, USA), and luciferase activity was determined using a luciferase assay system (Promega, Madison, WI, USA).
Proliferation assay
Cells (20,000 cells/well for MCF-7 and 40,000 cells/well for T47D) were plated in 24-well plates. Then, cells were deprived of steroids and serum for 72 h. Cells were treated with solvent (ethanol and DMSO) as a negative control, with different doses of E2 or with different doses of phytoestrogens for 6 days with a renewed treatment at day 3. After treatment, cells were trypsinized, and cell number was determined with a TC10 Automated Cell Counter (BioRad, Hercules, CA, USA). 
RNA extraction and real-time PCR
Cells (250,000 cells/well for MCF-7 and 400,000 cells/well for T47D) were plated in 6-well plates. After 30 h of serum and steroid deprivation, cells were treated with solvent (ethanol and DMSO) as a control or with different doses of E2 or dietary compounds. Total RNAs were extracted with the RNeasy mini kit (Qiagen, Germany), according to the manufacturer's instructions. Then, total RNAs were reverse transcribed using an M-MLV RT kit (Invitrogen, Waltham, MA, USA) according to the manufacturer's instructions. For real-time PCR, 5 ng of cDNA was used with 150 nM primers (CXCL12: forward primer CTCCTGGGGATGTGTAATGG, and reverse primer GCCTCCATGGCATA CATAGG; ESR1/ERα: forward primer TTTATGGGAAAAGGCTCAAA, and reverse primer GACAAAACCGAGTCACATCA; ESR2/ERβ: forward primer AGAGTCCCTGGTGTGAAGCAAG, and reverse primer GACAGCGCAGAAG TGAGCATC; GAPDH: forward primer GGGCATCCTGGGCTACACTG, and reverse primer GGGCATCCTGGGCTACACTG) and with the iTaq Universal SYBR Green supermix (BioRad, Hercules, CA, USA). Real-time PCR was performed on a MyiQ apparatus, and results were analyzed with iQ5 software (BioRad, Hercules, CA, USA).
Determination of PC12-ER neurite outgrowth
Briefly, 15,000 cells/well were plated in 12-well plates. After 48 h, cells were grown in serum and steroid deprivation medium. Then, cells were treated with NGF at 5 ng/mL alone or combined with dietary compounds at different doses for 72 h. The differentiation state of PC12 was scored as previously described (Habauzit et al., 2014; Mérot et al., 2009 ).
Results
Effect of dietary compounds on ER activation in ER-positive breast cancer cell lines
We first assessed the expression ratio between ERα and ERβ in MCF-7 and T47D cells by real time PCR (Fig. 1A) . In MCF-7 cells, ERα is found 8 times more expressed than ERβ. Although, ERβ mRNA is weakly expressed, it is detectable by real time PCR assay with an average of Ct at 32.9. As expected, ERα/ERβ ratio was clearly different in T47D cells. As shown in Fig. 1A , ERα mRNA level was found only 1.8 times higher than ERβ mRNA.
To study the activation of ERs by dietary compounds, MCF-7 (Fig. 1B) and T47D ( Fig. 1C ) cells were transfected with a luciferase reporter plasmid under the control of an estrogen responsive element (ERE). The natural hormone, E2 showed a maximum luciferase activity at 10 −8 M in MCF-7 and T47D cells compared to the solvent (ethanol and DMSO), which was used as a negative control. The dietary compounds tested were able to activate ER, as shown by the increase in luciferase activity in the two cell lines. Although luciferase activity presented a few differences in terms of intensity, the profile between the two cell lines was quite similar, except for cells treated with resveratrol. Indeed, in MCF-7 cells, the maximum luciferase activity was reached at 10 −6 M resveratrol, while it was reached at 10 − 5 M in T47D cells. Unlike zearalenone, the other compounds require a concentration 100-1000 times greater than that of E2 to stimulate luciferase activity. Zearalenone induced luciferase activity at 10 −9 M in MCF-7 cells, a concentration equivalent of the plasma concentration of E2. At high doses, luciferase activity decreased by 2-fold, which could be explained by the occurrence of cellular stress that could affect luciferase stability.
Effect of dietary compounds on the proliferation of ER-positive breast cancer cell lines
To test the SERM activities of selected compounds, their effects on proliferation (Fig. 2) of the two ER-positive breast cancer cell lines (MCF-7 and T47D) were assessed. After treatment, cells were counted, and the results were expressed as percentage of 10 − 9 M E2 effect.
These two cell lines have an E2-dependent proliferation. As shown in Fig. 2 , E2 at 10 −9 M for MCF-7 cells and 10 −8 M for T47D cells induced strong proliferation of cells, reaching a maximum of 4.5 times more than control cells. In MCF-7 cells, liquiritigenin ( Fig. 2A) , daidzein, genistein ( Fig. 2B ) and coumestrol ( Fig. 2C ) induced proliferation as well as E2 but at a concentration 1000-10,000 times higher. In contrast, zearalenone (Fig. 2C) showed powerful estrogenic activity by stimulating cell proliferation starting at 10 − 10 M to a maximum at 10 − 8 M.
However, zearalenone showed clear toxic effects on cell proliferation at 10 − 5 M ( Fig. 2C and F) . Apigenin increased cell numbers slightly,
which reached approximately 50% of the E2 10 −9 M proliferation rate.
Finally, resveratrol did not induce proliferation at any of the doses tested. One-way ANOVA with a Bonferroni's multiple comparison post hoc test, revealed that only resveratrol was significantly different from E2 treatment (p b 0.05). In T47D cells, the proliferative effects of liquiritigenin (Fig. 2D) , daidzein ( Fig. 2E) , coumestrol ( Fig. 2F ) and resveratrol were quite similar to that observed in MCF-7 cells. However, the proliferative effect of Apigenin (Fig. 2D) 
Effect of dietary compounds on CXCL12 gene expression
The chemokine CXCL12 was shown to be linked to proliferation of MCF-7 cells (Boudot et al., 2011) . Thus, we used real time PCR to measure CXCL12 gene expression in MCF-7 and also in T47D cells treated with different doses of dietary compounds (Fig. 3) . The results were expressed as percentage of induction obtained at 10 −9 M of E2. In MCF-7 (Fig. 3A ) and T47D cells (Fig. 3B ), E2 strongly induced the expression of CXCL12, reaching a maximum at 10 −9 M and 10 −10 M for MCF-7 and T47D cells, respectively. Except for resveratrol, the dietary compounds also induced CXCL12 expression. However, there were slight differences between MCF-7 and T47D cells. For instance, in MCF-7 cells, apigenin strongly induced CXCL12 gene expression but only at 10 − 5 M, reaching the same expression level observed with 10 −9 M E2 (p b 0.001). In contrast, in T47D cells, apigenin treatment resulted in a more pronounced dose effect, with induction starting at 10 −7 M and a significant induction of CXCL12 at 10 −6 M and 10 −5 M (p b 0.05 and p b 0.01, respectively). However, the maximum CXCL12 gene expression was 40% lower than that resulting from E2-stimulation. Liquiritigenin, daidzein, genistein and coumestrol were able to induce CXCL12 expression in MCF-7 cells but only at high concentrations (10 − 6 M and 10 − 5 M), while they stimulated CXCL12 expression at lower concentrations (10 −7 M) in T47D cells. Thus, compared to MCF-7 cells, we found that T47D cells were more sensitive to dietary compounds, which may be due to the presence of ERβ. Nevertheless, the results obtained regarding CXCL12 expression are in good agreement with the proliferation test, in which resveratrol is the weakest while zearalenone is the strongest estrogenic and proliferative compound.
Transcriptional activity of dietary compounds in PC12 cells
The estrogenic activity of dietary compounds on ERα transcriptional activity was evaluated through the same ERE reporter assay described in Fig (ethanol, DMSO) (Fig. 4 A) . This increase has been previously demonstrated to be dose-dependent for E2 (Habauzit et al., 2014) and occurred in a dose-dependent manner for the dietary compounds. In contrast, daidzein failed to increase luciferase activity in stably transfected ER cells and then to activate ERE-mediated ER transactivation (Fig. 4 A) .
Effect of dietary compounds on the differentiation (neurite outgrowth) of stably transfected ER PC12 cells
To determine the effect of the dietary compounds on differentiation, cells were treated with 5 ng/mL NGF with or without the compounds. After 72 h of exposure, the percentage of cells bearing neurite outgrowth was determined by counting (Fig. 4B) − 5 M genistein, due to a high variability and an increase in mortality (Bouron et al., 1999; Habauzit et al., 2014) . Interestingly, we also observed 40% increase in neuritogenesis when cells were treated with apigenin at the three concentrations tested. Concerning liquiritigenin, only the dose at 5.10 −7 M induced a significantly high percentage of differentiation. Coumestrol induced strong neuritogenesis starting at the first concentration tested, but the effect became non-significant at 10 −5 M. Resveratrol, similar to liquiritigenin, only induced significant neuritogenesis at 5.10 −7 M. Daidzein was unable to activate ERα in PC12-ER cells and, consequently, did not enhance NGF-induced differentiation. Surprisingly, zearalenone was also found to be ineffective in inducing differentiation. We have identified four compounds, apigenin, daidzein, resveratrol and zearalenone that have differential activity in regard to proliferation and differentiation. To verify that the pro or anti-differentiation effect of these compounds was mediated by ERα, control PC12 cells (PC12-Cont) that do not express ERα were used. PC12-Cont were treated with NGF and the four molecules at the most effective concentration that induced a maximum effect on PC12-ER differentiation (Fig. 4B in the cartridge) . None of these compounds, including E2, were able to increase the NGFinduced neuritogenesis of PC12-Cont cells.
Discussion
Although the causes of certain diseases associated with estrogen are still unclear, pharmacological research advances have greatly improved the treatment over the last two decades. In particular, compounds that can bind to the estrogen receptor, and thereby activate or inactivate the estrogenic pathways in many diseases such as brain pathologies or breast cancers, can be very promising and may lead to future therapeutics. Toward this goal, and for the first time, using the natural ligand estradiol as a reference and robust cellular tests, we compared the SERM activity of major dietary molecules identified for their ability to bind ER, induce ER transactivation and interact with global cellular mechanisms of proliferation and differentiation. Although the literature about phytoestrogens and breast cancer is abundant, the pro or antibreast cancer effect of these compounds and the underlying mechanism remain controversial (Leclercq and Jacquot, 2014) . First, the effects of E2 and the phytoestrogens on ER transactivation and proliferation were quite similar in MCF7 and T47D cells. It has been reported that most phytoestrogens have a higher affinity for ERβ, except zearalenone, which presents almost the same affinity for ERα and ERβ Kuiper et al., 1998) . Because ERα and ERβ are present in T47D cells, but ERα is almost exclusive present in MCF7 cells, the proliferative effects of our compounds may be related to ERα. The primary difference resided in the bell-shape of the curve observed in the T47D cells at high dose, whereas we observed a plateau in the MCF-7 cells curve. The chemokine CXCL12 is a key factor for proliferation when it is produced by breast cancer cells and for migration and metastasis when it is produced by target tissues (Boudot et al., 2014 (Boudot et al., , 2011 . CXCL12 expression is controlled by E2 in MCF-7 and T47D cells. Thus, we used this marker to confirm the proliferative effect of the dietary compounds. Except for zearalenone, which is toxic at high doses, and for resveratrol in T47D cells, the expression of CXCL12 confirmed our proliferation assay.
The effects of polyphenols on neurotrophic pathways are well described. Numerous studies recently described the role of ERK, PI3K/ AKT pathways or the antioxidant activity of polyphenols and their effect on neuritogenesis and neuroprotection (Moosavi et al., 2016; Zhao et al., 2015) , but the role of ERs in neuritogenesis remains elusive. Nevertheless, E2 effects on neuroprotection after brain injury is well documented. For instance, E2 promotes anti-apoptotic events, increases neurogenesis, enhances neurotrophic support and suppresses inflammation (Brown et al., 2009) . Among the flavonoids, coumestan, stilbene and mycotoxin analyzed, four compounds presented distinct activity toward proliferation and differentiation. Apigenin and resveratrol showed a slight or no effect on proliferation of breast cancer cell lines, while they had a powerful effect on PC12-ER neuritogenesis. In contrast, daidzein induced breast cancer cell proliferation but did not increase neuritogenesis. Intriguingly, zearalenone, which appeared to be a strong estrogen-mimetic by stimulating ERα transactivation and ERdependent breast cancer cell proliferation, did not activate PC12-ER differentiation. Many studies have been published about the interaction between these phyto/mycoestrogens and ERs and about the consequences for cells, and some hypotheses can be advanced to explain our observations. First, differences could be linked to the affinity of dietary compounds for ERα. Second, the activity of metabolites of the dietary compounds that have been produced during the detoxification process must be considered.
A previous study argued that the affinity of phytoestrogens for ERs was not sufficient to determine their activity because the conformational changes of ERs induced by the ligand could affect the binding of the receptor to its responsive element and its features (Nikov et al., 2000) . For instance, a study showed that the gene expression pattern of genistein tended to cluster near E2 while the gene expression pattern of liquiritigenin was very different (Gong et al., 2014) . Thus, in this study, we can postulate that, depending on the cellular context, such as breast cancer cells or PC12-ER cells; the presence of ERα, ERβ or both; and the expression pattern, the cellular fate could be very different between the dietary compounds tested.
Among these compounds, which showed differential effects toward proliferation or differentiation, resveratrol is the most controversial. Its estrogenic or anti-estrogenic activity on breast cancer cell proliferation is not yet clearly determined (Le Corre et al., 2005) . Moreover, resveratrol is a type II ligand (angular molecule) that possesses a weak agonistic activity and a possible antagonistic activity (Leclercq and Jacquot, 2014) . This type of ligand disturbs the good folding of the helix 12 of ERα after it binds and, consequently, can inhibit the full activation of the receptor (Bentrem et al., 2003) . This can explain why resveratrol did not induce proliferation in either MCF-7 or T47D cells, despite the weak induction of CXCL12 expression in T47D cells.
Apigenin has a very weak affinity for ERα, notably, through a weak interaction with His-524 of the receptor, which is essential for the estrogenic response (Seo et al., 2012) . This weak interaction might explain the slight effect of apigenin on transcription at low dose and on breast cancer cell proliferation but does not explain why apigenin increased NGF-induced neuritogenesis of PC12-ER cells even at the lower dose. Moreover, since apigenin did not potentiate NGF-induced neuritogenesis in PC12 control cells, we can conclude that the apigenin effect on PC12 differentiation is mediated by ERα. We previously demonstrated that unliganded ERα and E2-liganded ERα act on neuritogenesis according to two opposite mechanisms: an unliganded ER-induced decrease of the cytoplasmic PI3K/AKT signaling pathway associated with a decrease of neuritogenesis and an E2-liganded ER which is associated to an increase of neuritogenesis. Interestingly, we showed that these ER actions are DNA-binding independent (Mérot et al., 2009) . It has been reported that apigenin acts positively on neurogenesis in adult neural progenitor cells by activating AKT phosphorylation (Taupin, 2009) . It is therefore possible that in PC12-ER cells, apigenin as E2 done opposes the ER-dependent inhibition of the PI3K/AKT signaling pathway via non genomic pathway (Levin and Pietras, 2008) .
The behavior of daidzein was more complex because it induced breast cancer cell proliferation but did not increase neuritogenesis. Daidzein's affinity for ERα was demonstrated to be slightly higher than apigenin (Kuiper et al., 1998) and that could be explain its better activity on transcription and on cell proliferation, as it was demonstrated for genistein compared to apigenin (Seo et al., 2012) . However, daidzein was unable to activate ERα transactivation in PC12-ER cells and unable to potentiate PC12-ER cell differentiation. In accordance with our results, a previous study showed that, unlike genistein, daidzein did not increase NGF-induced neuritogenesis in PC12 cells (Miller et al., 1993). Thus, this suggests that daidzein could be rapidly metabolized in PC12 cells, leading to inactive products that do not interact with ERα. Zearalenone and its derivatives produced during the detoxification phases, interact with ERα and ERβ. Zearalenone and some derivatives have been patented as oral contraceptives, but can present harmful effects such as multiple reproductive deficiencies in animals and humans (infertility, constant estrus, reduced litter size, central precocious puberty) (Pazaiti et al., 2012) . Zearalenone promotes mammary tumors in mice (Schoental, 1974) and stimulates the growth of breast cancer cell lines (Ahamed et al., 2001 ). In our study, zearalenone behaves as a full estrogen agonist by inducing strong proliferation, but is not able to potentiate NGF induced neuritogenesis. The synthesis of different zearalenone derivatives, resulting from different cellular metabolic processes in MCF-7, T47D cells, PC12 cells and in vivo models could explain conflicting data. Then, some Zearalenone derivatives have been reported to have high estrogenic potencies and higher that their concentration suggest. For instance, the derivative α-zearalenol, resulting from the hydroxylation of zearalenone by hydroxysteroid dehydrogenases (HSDs), was at least in vitro as strong as E2 (Le Guevel and Pakdel, 2001; Shier et al., 2001 ). The metabolite α-zearalanol was shown to improve hippocampal neurogenesis in ovariectomized mice, at the same concentration that E2 (Dong et al., 2014) . In our case, zearalenone or its metabolite was accompanied by harmful effects (proliferation of breast cancer cells and an absence of an effect on NGF-induced neuritogenesis). However, further work will be necessary to find the molecular mechanisms involved.
In conclusion, this study evaluated the SERM activity of some major estrogenic dietary compounds by pointing out the role of ERα, and predicted differential activities for four compounds with distinct effects toward proliferation or differentiation. However, this study is a precocious screening and further work focusing on molecular mechanisms and the role of various metabolites is necessary. Our data predicted that resveratrol and apigenin might be good candidates for the development of new therapeutics, whereas daidzein and zearalenone should be avoided for breast cancer and neuritogenesis. Nevertheless, it is essential to confirm the abilities of these compounds in animal models using rodents, for instance. Indeed, the antiproliferative effect of botanical estrogens could be tested in nude mice xenograft models, while the neuroprotective and neurotrophic effects could be investigated after ischemic injury or in mice model of Parkinson disease as it was recently reported for puerarin (Zhao et al., 2015) .
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